Facile method of synthesizing organic-inorganic solid foam in complex structure is presented. The synthesis method is based on the use of neutral surfactant (1-hexadecylamine, C 16 H 33 NH 2 ) as structure directing agent and inorganic salt (vanadium nitride, VN) as precursor. The foam containing C 16 H 33 NH 2 has been synthesized by evolution of oxygen gas produced spontaneously from hydrogen peroxide through a viscous VN gel. The foam from the precursor of 0.5 g VN nanopowder grows gradually, reaching about 0.3 liters 10 minutes after excess addition of H 2 O 2 and stirring. The ultralight, crystalline material made via foam processing was observed by XRD, SEM, TEM, and FTIR.
Introduction
Inorganic-organic materials, due to their large, controllable pore sizes, high surface areas, and easy functionalization for applications in biology, chemistry, and material sciences, have been studied over the past few years in order to investigate their novel properties [1, 2] . Generally, surfactants with cationic, anionic, and neutral charges and amphiphilic block copolymers have been utilized as structure directing agents. Most research in this field has been focused on oxides as a framework constituent. There have been several reports [3] [4] [5] relating to the synthesis of mesostructured metal oxides, such as zirconium, niobium, titanium, tantalum, vanadium, hafnium, and tungsten oxides. These mesostructured materials have been synthesized via surfactant template [1] , polymer template [5] , ligand-assisted [6] , and nanoreplicated routes [3] . Since vanadium oxides, nitrides, and phosphates are extremely important in catalysis and in advanced materials applications, considerable efforts have been devoted to the synthesis of vanadium substituted zeolites and mesoporous silicate molecular sieves [7, 8] as well as pure vanadium oxides and vanadophosphates. Despite considerable successes, it remains a challenge for chemists and material scientists to develop simple and efficient routes to advanced functional materials. Recently, a novel, simple method for the synthesis of transition-metal oxide foams was reported by Livage and co-workers [9] . This method produces a macroporous inorganic-organic solid, a composite of vanadium pentoxide (V 2 O 5 ) and 1-hexadecylamine (C 16 H 33 NH 2 ), with the latter intercalated in between the oxide layers. Here, we report on the synthesis of a crystalline material, so-called organic-inorganic solid foam, made from vanadium nitride precursor via foam route. The material was characterized using XRD, SEM, TEM, and FTIR.
Experimental
In previous reports, V 2 O 5 was used as the vanadium source, and short-chain amines or long-chain ammonium salts were used as templates or intercalates [10] [11] [12] . Here, we used the vanadium nitride (VN) nanopowder synthesized from our research group as the vanadium source and 1-hexadecylamine (Aldrich) as the template. The VN nanopower with the average size of ~30 nm was synthesized by injecting VCl 4 aerosol bubbled by argon gas into a microwave plasma reactor at atmospheric pressure. The synthesis method and procedure were reported in our previous article [13, 14] . In a typical synthesis of the organic-inorganic solid foam, 2.8 g of C 16 H 33 NH 2 was dissolved in 4.2 ml acetone and 0.5 g (or 7.7 × 10 −3 mol) of VN nanopowder was added to the mixture. A pasty and viscous material was formed and then a solution of hydrogen peroxide (70 ml, 30%) was added as oxidant. 
Results and Discussion
The volume of the foam using 0. Figure 2 . SEM image of the foam in Figure 2(a) exhibits that it is very porous and has an irregular surface morphology. The inset of Figure 2(a) is a magnified view of a large pore. Large pores reaching a few micrometers due to oxygen evolution are observed. The pattern of the foam structure resembles a lamellar structure found in the synthesis of carbon nitrides via a solvent-free route at low temperature [16] . Mechanical properties of the porous foam are very poor. The foam is brittle and can easily be crushed into a powder. In the synthesis of the vanadium oxide foam from VN gels, the amine is directly intercalated into vanadium oxide layers, forming van der Waals intercalation between organic molecules and the inorganic species during the foam progress. It is believed that C 16 H 33 NH 2 molecules cocondense with anionic inorganic clusters in the gels to create lamellar structures, as shown in Figures 2(b) and  (c) .
Vanadium nitride reacts with hydrogen peroxide to give VN·nH 2 O or partially oxidized VNO x ·nH 2 O gels that have a layered structure composed of negatively charged vanadium nitride or oxynitride. These gels can intercalate organic molecules such as protonated longchain alkylamines, forming a greenish black foam. In the foaming process presented in this work, therefore, both gelation and intercalation simultaneously occur when the VN nanopowder is added to the C 16 
Conclusion
Facile method of synthesizing organic-inorganic solid foam in complex structure was presented, based on the use of C 16 H 33 NH 2 as structure directing agent and VN as precursor. The foam route in this work showed that amines were simply intercalated between the vanadium oxide planes via VN foaming process, showing that the experimental requirements are not critical. This method indicates that metal nitrides can be used for the synthesis of new inorganic-organic material via foam route as like metal oxides, expecting the applications to mesoporous molecular sieves and catalysts because of their large surface area and pore diameter.
